Twenty novice male weight lifters performed resistance exercises using three different breathing techniques to determine the effects on blood pressure. Systolic and diastolic blood pressures were measured by an automated non-invasive method while subjects performed the single arm curl and double knee extension using the different breathing techniques. Performing the Valsalva manoeuvre (breath-holding) during either the single arm curl or double knee extension produced the highest blood pressure responses. Inhaling during the concentric phase of the exercise was associated with blood pressure elevations that were similar to the elevations observed with exhaling during the concentric phase. The heart rate response was slightly higher with inhalation. These results suggest that performing the Valsalva manoeuvre exaggerates the blood pressure response to resistance exercise. In addition, coupling inhalation with the concentric phase of the lift offers no cardiovascular advantage over coupling exhalation with the concentric phase of the lift. Keywords: Weight training, blood pressure, total peripheral resistance, intrathoracic pressure Several investigators have observed increased systolic (SBP) and diastolic blood pressure (DBP) in individuals performing heavy resistance exercise1-3. This BP response presumably is caused in part by the increased vascular total peripheral resistance in the contracting muscle3. In addition to this peripheral factor, the BP response may be augmented by increased intrathoracic pressure which occurs during forced exhalation against a closed airway (Valsalva manoeuvre) or by exhalation alone4' . Exhalation or breath-holding may add to the increased afterload on the heart and thus increase BP. On the other hand inhalation, which decreases intrathoracic pressure and thus afterload4, may help attenuate BP elevation associated with resistance exercise.
Several investigators have observed increased systolic (SBP) and diastolic blood pressure (DBP) in individuals performing heavy resistance exercise1-3. This BP response presumably is caused in part by the increased vascular total peripheral resistance in the contracting muscle3. In addition to this peripheral factor, the BP response may be augmented by increased intrathoracic pressure which occurs during forced exhalation against a closed airway (Valsalva manoeuvre) or by exhalation alone4' . Exhalation or breath-holding may add to the increased afterload on the heart and thus increase BP. On the other hand inhalation, which decreases intrathoracic pressure and thus afterload4, may help attenuate BP elevation associated with resistance exercise.
The peripheral resistance in muscle apparently depends on the type of contraction. BP responses are much higher during concentric contractions than eccentric2 3 . Therefore, by combining the smaller afterload phase of breathing (inhalation) with the higher afterload phase of lifting (concentric), the BP response may be lessened.
The purpose of this study was to determine if breathing technique affected BP response during resistance exercise. If this BP effect can be dampened, resistance exercise may be safer for all populations but especially for those who are untrained, at high risk for cardiovascular disease, or have diagnosed cardiovascular disease.
Methods
Twenty men, aged 18-36 years, volunteered for this study. Their physical characteristics are given in Table  1 . During the 2 months before the study, each subject averaged 3 days per week of moderate resistance training in which all major muscle groups were used. Eleven of the 20 subjects participated in some form of weekly aerobic exercise. No subject was hypertensive (>140/90 mmHg). Informed consent was obtained according to the policies of the Helsinki Declaration, and all procedures were approved by the University Institutional Review Board.
On the initial visit to the laboratory, each subject was screened for hypertension and had body composition estimated by skinfolds taken from the chest, abdomen, and thigh6. In addition, a 10 repetition maximum (RM) was established for the double knee extension on the Universal Gym and for the seated left-handed single arm curl using a dumbbell. Lifting speed and breathing patterns were practised. Breathing techniques and blood pressure in resistance exercise: S. T. Linsenbardt et al. For the second visit, each subject abstained from exercise for 24h and performed, in a random order, three sets of 10 RM on each resistance exercise: (1) inhalation coupled with the concentric phase and exhalation coupled with the eccentric phase, (2) exhalation coupled with the concentric phase and inhalation coupled with the eccentric phase, (3) Valsalva in which the breath was held during two-thirds of the concentric phase followed by exhalation during the remainder of the repetition.
Three-minute rests were given between sets, and the six sets were alternated between the upper and lower body, so that 7-8 min rests were given between any two sets using the same muscle group. For both exercises, a metronome was used to maintain a constant lifting velocity at 30'/s. The weight was moved through the full range of motion. The subject's position was standardized, and the torso was stabilized to ensure that only the targetted muscle group was significantly active.
During each repetition, BP was measured in the right arm using a physiograph (E & M Instrument Co., Houston, Texas, USA) in which an internal pump automatically inflated the arm cuff. The cuff was deflated manually. A sensor in the cuff detected each Korotkoff sound and transmitted the signal to the recorder. Before each test, the physiograph and recorder were calibrated with a standard mercury column. It was desirable to measure each BP at multiple times during each set; therefore, the cuff pressure was maintained at the systolic level during the concentric phases of repetitions 6, 7 and 8. The cuff was then deflated, and DBP was measured during the concentric phases of repetitions 9 Although the magnitude of the response differs among studies using different populations, research is very consistent regarding the direction of the SBP and DBP response to resistance exercise. As suggested by Miles et It is possible that the BP response for each treatment in the present study was affected by the order of the lifts, i.e. the third sets may have been more difficult than the first and induced larger pressure elevations. Although all sets were performed during the same session, the order was randomized for each subject. In addition, at least 7 min separated any two sets involving the same muscle group. In all cases, the subject was able to complete the 10 RM on the third set. In seven subjects in which recovery BP was monitored, the mean value after recovery (3min) from the third set was 130/72 and after recovery from the sixth set in the same session was 133/79. Taken together, the randomization of trials and rapid BP recovery suggest that the order of treatment did not affect the results of this study.
In the present study, the SBP elevations were similar to those observed during aerobic exercise although DBP in this study was Our results indicate that the BP response during resistance exercise may be attenuated by inhaling during the concentric phase of the lift. Many individuals are more comfortable with the opposite breathing technique, i.e. coupling the concentric phase with exhalation. In practice, this alternate method seems appropriate since we observed only small differences in the pressure response between the inhalation and exhalation techniques. In fact, the exhalation technique produced lower heart rates (HR) than inhalation and thus the double products (SBP x HR) for inhalation and exhalation were comparable.
Conclusion
The results of this study suggest that the Valsalva manoeuvre exaggerates the blood pressure response to resistance exercise. Coupling inhalation or exhalation with the concentric phase of the lift produces similar cardiovascular responses. More research examining breathing techniques during resistance
